Over the past few years, there has been a hint of the γ−ray excess observed by the Fermi-LAT satellite borne telescope from the region surrounding the Galactic Centre at an energy range ∼ 1-3 GeV. The nature of this excess γ−ray spectrum is found to be consistent with the γ−ray emission expected from dark matter annihilation at the Galactic Centre while disfavouring other known astrophysical sources as the possible origin of this phenomena. It is also reported that the spectrum and morphology of this excess γ−rays can well be explained by the dark matter particles having mass in the range 30 ∼ 40 GeV annihilating into bb final state with an annihilation cross section σv ∼ 1.4 -2.0 × 10 −26 cm 3 /s at the Galactic centre. In this work, we propose a two component dark matter model where two different types of dark matter particles namely a complex scalar and a Dirac fermion are considered. The stability of both the dark sector particles are maintained by virtue of an additional local U(1) X gauge symmetry. We find that our proposed scenario can provide a viable explanation besides satisfying all the existing relevant theoretical, experimental and observational bounds.
Introduction
The existence of the dark matter (DM) in the Universe is now an established fact by various astronomical measurements and observations such as galaxy rotation curves, gravitational lensing, Bullet cluster etc. However, no information is still available to us about the nature and the constituents of dark matter. The most successful hypothesis until now is that the dark matter of the Universe is composed of Weakly Interacting Massive Particles or WIMPs. The particle nature of the dark matter can be explored mainly in two ways. One of them is the process of direct detection where the information about the mass of the dark matter candidate along with its scattering cross section off the detector nuclei can be obtained by measuring the recoil energy of the latter as a result of scattering of the dark matter particles with the nuclei. The DM particles may also be trapped gravitationally within the massive celestial objects like the Sun, galaxy, galaxy cluster etc.. Annihilation of these trapped dark matter particles can result in the production of high energy γ−rays or neutrinos. Detection of such high energy γ−rays or the neutrinos will provide valuable information about the constituents of the dark matter in the Universe. This is known as the process of indirect detection. More information about the properties of WIMPs and their detection procedures (both direct and indirect) are discussed in Refs. [1, 2] .
It has been claimed by several groups [3] [4] [5] [6] [7] [8] [9] [10] in last few years after analysing the Fermi-LAT data that a hint of the γ−ray excess has been observed by the Fermi-LAT satellite borne telescope from the regions surrounding the Galactic Centre (GC) at an energy range ∼ 1-3 GeV. More recent analyses of Fermi-LAT data by Daylan et. al. [10] excluded all the known astrophysical sources as the possible origin of this phenomena and strongly indicate that, the spectrum of this anomalous excess γ−rays is consistent with the emission expected from the dark matter annihilation at the Galactic Centre. It is also reported in the same article [10] that the observed γ−ray spectrum can be well explained by a dark matter particle having mass in the range ∼ 30-40 GeV (or ∼ 7-10 GeV) and annihilating significantly into bb (or ττ ) final state with an annihilation cross section σv bb ∼ (1.4 -2.0) × 10 −26 cm 3 /s 2 . Although, there are some previous works [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] where different particle dark matter models have been proposed to explain this low energy (GeV scale) γ−ray excess from the neighbourhood regions of the Galactic Centre but in most of these articles the authors have considered single component dark matter model i.e. all the dark matter present in the Universe are constituted by a single stable beyond Standard Model particle. Larger dark matter mass ranges which also give acceptable fits to the Fermi-LAT data for the bb annihilation channel are discussed in Refs. [24, 25] .
2 annihilation into ττ final state the required cross section is σv ττ ∼ 2.0 × 10 −27 cm 3 /s (with local dark matter density = 0.4 GeV/cm 3 ) for a ∼ 10 GeV DM particle [8] .
In this work we propose a two component dark matter model where the dark sector is composed of two different types of particles namely, a complex scalar (S) and a Dirac fermion (ψ). Our proposed model is an extension of the Standard Model (SM) of particle physics where the scalar sector of the SM is enlarged by the two singlet complex scalar fields S and Φ S . The stability of these dark sector particles are ensured by the application of an additional local U(1) X gauge symmetry under which only the two dark sector particles S, ψ and the complex scalar Φ S transform nontrivially. Therefore, the Lagrangian of this present two component dark matter model remains invariant under the SU(2) L × U(1) Y × U(1) X gauge symmetry which breaks spontaneously to a residual U(1) em symmetry when the complex scalars Φ (usual SM Higgs doublet) and Φ S acquire Vacuum Expectation Values (VEVs). The effect of spontaneous breaking of the local gauge symmetry is manifested by the presence of five gauge bosons namely, W ± , Z, Z ′ and A out of which one neutral gauge field (A) remains massless which is identified as the "photon" (mediator of electromagnetic interaction). Thus, in the present scenario we have one extra neutral gauge boson (Z ′ ) compared to the SM as we have considered a larger symmetry group here. The extra neutral gauge boson Z ′ plays an important role in this proposed two component dark matter model as it is the main interaction mediator through which both the dark matter candidates interact mutually. In the present two component dark matter model the anomalous γ−ray excess is produced by the hadronisation processes of b quarks, originated from the self annihilation of the dark matter candidate S at the GC. This paper is organised as follows. In Section 2, we propose the present two component dark matter model. Section 3 describes the coupled Boltzmann's equations, required for computing the individual relic densities of each dark matter candidate and hence the overall relic density of the dark matter in the Universe. The results that we have obtained by solving the coupled Boltzmann's equations numerically and using various experimental, observational and theoretical constraints are discussed in Section 4. In Section 5 we calculate the γ−ray flux for this proposed two component dark matter scenario and is compared with the available Fermi-LAT data. Finally, in Section 6 we summarise our work.
The Model
We propose a two component dark matter model where the dark sector is composed of a complex scalar (S) and a Dirac fermion (ψ), both of which are singlets under the Standard Model gauge group SU(2) L × U(1) Y . Thus, in the scalar sector of the model we have the usual Higgs doublet Φ and two complex SM gauge singlets S, Φ s . Note that the present model is an extension of the Standard Model of particle physics in all three sectors namely, gauge, fermionic as well as scalar sector. The gauge symmetry group of the SM is enhanced by an additional local U(1) X symmetry under which all particles except the SM particles (including the Higgs doublet Φ) transform nontrivially. Out of the three complex scalars (Φ, Φ s , S) present in this model only two, namely Φ and Φ s acquire VEVs. Consequently, the local gauge symmetry SU(2) L × U(1) Y × U(1) X is spontaneously broken which gives rise to one extra massive neutral gauge boson Z ′ in addition to four SM gauge bosons namely W ± , Z, A. The assigned gauge charges and VEVs of all the fields are given below in a tabular form, The Lagrangian of the present model is then given by,
Where L gauge is the Lagrangian of the gauge fields corresponding to the gauge group U(1) Y and U(1) X .
HereB µν = ∂ µBν − ∂ νBµ andX µν = ∂ µXν − ∂ νXµ . Hat notation on the gauge fields indicate that kinetic terms of U(1) Y and U(1) X gauge fields are not diagonal. In the above equation (Eq. (2)), χ = ǫ cos θw is the coefficient of kinetic mixing term between the two U(1) gauge fields, which is experimentally constrained to be very small. Consider a GL(2, R) rotation from the basiŝ B µ ,X µ → B µ , X µ in such a way that with respect to new basis kinetic mixing term vanishes.
After such rotation,B
Out of the three physical neutral gauge bosons one remains massless which is identified as the 'photon'. The masses of other two neutral bosons namely Z and Z ′ are given by,
where
with χ ≪ 1 as mentioned before, Eq. (9) reduces to
In Eq. (1), L fermion refers to the Lagrangian of the singlet Dirac fermion ψ, which is given by,
Where the covariant derivative D / ψ for the field ψ is
The scalar sector Lagrangian L scalar (in Eq. (1)) of the present model has the following form
with
Where
are the covariant derivatives for the scalar doublet Φ and two complex scalar singlets Φ s , S respectively. Similar to the gauge sector, the scalar sector also exhibits mixing between two real scalars namely φ 0 (neutral CP even part of the doublet Φ) and φ 0 s (real part of the complex scalar Φ s ) after spontaneous breaking of gauge symmetry (SU(2) L × U(1) Y × U(1) X ). The mass square mixing matrix between these two real scalars are given by, 
The mixing angle α and the masses of the physical real scalars h and H are α = 1 2 tan
Between these two real scalars, h plays the role of SM Higgs boson. The mass term of the scalar field S which does not mix with other components of the scalar sector is given by,
Both the fermionic field ψ and complex scalar field S remain decoupled from the visible sector of the model. Thus, they can be viable components of dark matter. From the above discussion it is evident that the present scenario involves 9 unknown parameters namely, masses of two dark matter components namely M S and M ψ , mass of one neutral scalar (M H ) 3 , mass of extra neutral gauge boson (M Z ′ ), the gauge coupling g X corresponding to the gauge group U(1) X , neutral scalars mixing angle (α), coefficient of kinetic mixing term (ǫ) and two quartic couplings λ 2 , λ 3 . The allowed ranges of these parameters will be restricted by imposing both experimental, observational as well as theoretical bounds mentioned below.
• Vacuum Stability -In order to obtain a stable vacuum, the scalar potential V (Φ, Φ s , S) (Eq. (14)) of the present model must be bounded from below. This will be maintained if the following conditions are satisfied,
• Zero VEV of S-In the present scenario we assume that one among the three scalars, namely S does not possess any vacuum expectation value. The VEV of other two scalars are v and v s respectively (see Table 1 ). Hence the ground state of the model is (v, v s , 0) which requires
• PLANCK Limit -The total relic density (Ω T h 2 ) of the dark matter components must lie within the range [31] specified by the PLANCK experiment. The PLANCK limit for the relic density of the dark matter in the Universe is
• Limits from Dark Matter Direct Detection Experiments -In our two component dark matter model both the dark matter components namely S and ψ can interact with detector nuclei placed at various underground laboratories. The component ψ scatters off the detector nuclei only via exchange of Z and Z ′ bosons, while for the other component S, the dominant contribution comes mainly through the exchange of scalar particles such as SM like Higgs boson (h) and H. Fig. 1 shows the Feynman diagrams for the scattering of both the dark matter components with the detector nucleon (N). The spin independent scattering cross section between the dark matter component ψ and nucleon N is given by [32] , where,
is the reduced mass between ψ and N, F z 1 = −0.5 is the form factor for neutron and
is the U(1) X charge of ψ. The expression of spin independent scattering cross section for the process SN → SN is given by,
.
are the couplings for the vertex SSh and SSH respectively. f is the relevant form factor. Throughout this work, we have adopted the value of f = 0.3 [33] [34] [35] .
The Dark sector in our model is composed of two kinds of particles, one of which is scalar (however, it has different antiparticle 4 (complex scalar)) while the other component is fermionic (Dirac fermion) in nature. Their masses as well as the contributions to the total relic density of the dark matter are different in general. Consequently the number densities n S , n ψ for these two components are also different. Therefore when we compare the spin independent scattering cross sections of both the components (S and ψ) obtained from the model with the available experimental data (exclusion plots from various ongoing dark matter direct detection experiments such as LUX [36] , XENON-100 [37] etc.), one has to keep in mind that the exclusion plots are computed with the assumption that all the dark matter present in the Universe are same in nature i.e. interaction rates with the detector nuclei are same for all the dark matter particles. However, this assumption is certainly not true in our case as we have two component dark matter scenario. Hence we need to rescale both σ ψN →ψN SI and σ
SN →SN SI
(Eqs. (24)- (25)) by appropriate factors consistent with the present consideration that we have two types of dark matter in the Universe. We define the spin independent "effective scattering cross section" between the detector nucleon N and the dark matter component i as,
with i, j = S, ψ and i = j, n i is the number density of the dark mater component i at the present time. For a viable two component dark matter model it is desirable that
In the above M i is the mass of the i th type dark matter and σ Exp SI (M i ) is the experimental upper bound for the spin independent scattering cross section between dark matter particle of mass M i and the nucleon N. In this work we have used results only from LUX experiment for constraining the parameter space of this model since LUX imposes strongest limits (exclusion plot) in σ SI − M DM plane until now.
• Invisible decay width of Higgs boson (Γ inv ) -In this present two component dark matter model Higgs boson h can decay into two S, if the condition M h > 2M S is satisfied. Such decay channel is known as invisible decay mode of Higgs boson. Throughout the work we assume that the invisible branching ratio (BR inv ) of Higgs boson is less than 20% [38] .
• Constraint from LHC results The signal strength ratio of Higgs boson for a particular decay channel (h → XX) is given by,
where X is any SM fermion / gauge boson. In Eq. (29) σ and BR(h → XX) are the Higgs production cross section and the branching ratio of the decay channel h → XX for this present model respectively. Similar quantities for the SM are denoted by σ SM and BR(h → XX) SM respectively. In order to satisfy LHC results [39] we take R h→XX ≥ 0.8 for any SM particle X. This condition imposes severe constraint on the mixing angle α between the two neutral scalars of the model namely, h and H.
Solution of Coupled Boltzmann's Equations of two Dark
Matter Components ψ and S In the present model, the dark sector has two different types of particles namely, a Dirac fermion ψ and a complex scalar S. Therefore, the total relic density of the dark matter in the Universe must have contributions from both of these dark sector particles. In order to compute the total relic density as well as individual relic densities of each dark matter candidate, it is essential to solve two coupled Boltzmann's equations [40, 41] which describe the evolution of number densities of both the dark matter candidates. The equations are given by,
Where n ψ , n S denote the number densities of ψ and S while their equilibrium values are denoted by n eq ψ , n eq S respectively, H is the Hubble's constant and σv SS † →XX describes the self annihilation cross section of the dark matter component S into SM particles (X) 5 . The interaction between the two components of dark matter, ψ and S is described by the annihilation cross section σv ψψ→SS † where the heavier dark matter component (say ψ) annihilates to produce other component S. New gauge boson Z ′ is the main exchange particle for this interaction. The Feynman diagrams for all the processes (self annihilation of dark matter component S and dark matter conversion from heavier to lighter) which are relevant for the evolution of number densities of both the dark matter component S and ψ are given in for the processes shown in Fig. 2 are given by,
where Γ h , Γ H are the decay widths corresponding to the scalars h, H and Q X (ψ) = Q X (S) = 2 are the U(1) X gauge charges of ψ and S respectively (see Table 1 ). In Eqs. (30, 31) the symbol ... implies the quantity within the curly bracket is thermally averaged. A general expression of thermally averaged annihilation cross section for the annihilation channel AA † → BB is given by [42] ,
where K 1 , K 2 are the modified Bessel functions of order 1, 2 and T is the temperature of the Universe. The Extra
factor before σ AA † →BB arises due to the fact that the initial state particles of the annihilation channel (AA † → BB) are not identical (see Refs. [42, 43] for more discussions).
More specifically, no extra 1 2 factor would be needed if the particle and its antiparticle involve in the initial state of an annihilation process are identical in nature (e.g. Majorana fermion or real scalar field). Note that there will be a term in Eq. (30) which is similar to the first term of Eq. (31) and it represents the contribution arises from self annihilation of the heavier dark matter component ψ into SM particles. Since ψ can interact with the visible world (SM particles) only through the exchange of Z and Z ′ bosons, the resulting annihilation cross section of the channel ψψ → XX is proportional to sin 2 θ NB (θ NB is the mixing between the two neutral gauge bosons).
Now for small values of θ NB , which is required to satisfy experimental constraints [44] , one can use the approximation sin θ NB ≃ θ NB . Thus, under this circumstance the term sin θ NB ∝ ǫ, the kinetic mixing parameter between U(1) Y and U(1) X gauge fields (see Eq. (8)). Therefore, σv ψψ→XX ≪ σv ψψ→SS † as the value of ǫ 6 is severely constrained to be very small [26] [27] [28] 44] .
Which implies that the probability of producing two S in the final state is much more than that for SM particles from the self annihilation of the dark matter candidate ψ. Hence, we can neglect the contribution of this term in Eq. (30).
Let us introduce two dimensionless variables namely
where G is the Gravitational constant. The quantity g ⋆ is defined as [42] ,
with g eff (T ) and h eff (T ) are the effective degrees of freedom corresponding to the energy and entropy densities of the Universe. They are related to energy and entropy densities through the relations ρ = g eff (T )
We have solved Eqs. (35, 36) numerically to obtain the values of comoving number densities (Y ψ , Y S ) for both the dark matter components ψ and S respectively at the present temperature T 0 of the Universe. Using these values of Y i (i = ψ, S) at T 0 the relic density of each dark matter component can then be computed using the following equation [45, 46 ]
6 In this work we adopt ǫ ∼ 10 −3 .
The total relic density (Ω T h 2 ) of the dark matter is simply the sum of the relic densities of each dark matter component which can be written as [40] ,
Results
In this section we describe the effects of the model parameters namely M S , M ψ , M H , M Z ′ , α, λ 2 , λ 3 on the relic densities of both the dark matter components. In this present two component dark matter scenario the role of heavier dark matter is played by the component ψ. Hence throughout the work we assume M ψ > M S and the value of M S is taken in the range 30 ∼ 40 GeV as this would be required to explain the observed γ−ray excess from the regions close to the GC at an energy range 1 ∼ 3 GeV by the annihilation of the dark matter component S. The ranges of the model parameters adopted in this work are given below,
From now on, whenever we use any specific values of the model parameters, we mention it explicitly with the other parameters scanned over their entire considered range given in Eq. (40) . In order to study the variations of the relic densities of each of the dark matter component namely, S and ψ with the model parameters given in the Section 2, we define a ratio Ω i h 2 Ω T h 2 which represent the fractional contribution of the dark matter component i (i = S, ψ) to the overall dark matter relic density (Ω T h 2 ). As mentioned earlier, for the computations of individual relic densities (Ω i h 2 ) of both the dark matter candidates we need to solve two coupled Boltzmann's equations (Eqs. (35), (36)) numerically given in previous section (Section 3) using Eqs. (32)- (34) and Eq. (37). In left panel of Fig. 3 we plot the variations of fractional contributions of both the dark matter components ψ and S with the gauge coupling g X of the U(1) X gauge group for M S = 30 GeV, M ψ = 100 GeV, M Z ′ = 50 GeV and M H = 65 GeV. From the left panel of Fig. 3 it is seen that the fractional contribution ( Ω S h 2 Ω T h 2 ) of the dark matter component S increases with gauge coupling g X . This nature can be explained from the fact that σv ψψ→SS † is directly proportional to g 2 X (see Eq. (33)) and therefore as g X increases the annihilation cross section of ψ for the channel ψψ → SS † increases. This results in more and more S particle production in the final state from the pair annihilation of the heavier dark matter component ψ. Hence the individual relic density of S (ψ) as well as the fractional contribution of S (ψ) to the total relic density increases (decreases). The variations of the fractional contributions of the dark matter component S with the neutral scalars mixing angle α are shown in the right panel of Fig. 3 . In this plot (right panel of Fig. 3 ) the red coloured region describes the allowed zone in the
Ω T h 2 -Vs-α plane which satisfies all the constraints listed in Section 2 for M S = 30 GeV, M H = 65 GeV while the green coloured region is for the case when M S = 35 GeV, M H = 75 GeV. Both of these plots are computed for heavier dark matter mass M ψ = 100 GeV. We also calculate the variations of the ratios
Ω T h 2 with the mass of the lighter dark matter component S for two different values of M ψ and the results are plotted in both the panels of Fig.4 . In the left panel of Fig. 4 we show the variations of the fractional contribution of S to the total dark matter relic density with M S for M ψ = 80 GeV (green coloured band) and 100 GeV (red coloured band). The right panel of the same figure (Fig. 4) shows how the fractional contribution of the heavier dark matter component ψ to the total relic density varies with the mass of lighter dark matter component S. Similar to the plots in the left panel of Fig. 4 , in the right panel too, the green and red coloured band represent allowed zones for M ψ = 80 GeV and 100 GeV respectively. From the left panel of Fig. 4 it appears that the contribution of S to the overall relic density of the dark matter decreases as its mass increases. A possible reason of (32)). Therefore the relic density of S decreases. This results in an increment of the contribution of ψ to the total density since the overall relic density of the dark matter candidates should fall within the range provided by the PLANCK experiment. Also, the annihilation cross section of ψ for the channel ψψ → SS † decreases with M S (see Eq.
(33)) which further increases the individual density of ψ and hence, its the contribution to the overall density. This feature is revealed in the plots of the right panel of Fig. 4 . It has been discussed earlier that the dark matter component ψ can interact with both the visible (SM particles) and invisible (other dark matter component S) world mainly through the exchange of gauge boson Z ′ . Therefore, the number density of the heavier dark matter component Fig. 6 ) it appears that the contributions of the heavier dark matter component ψ to the overall dark matter density increase with its mass M ψ and gauge coupling g X . However, the quantity We have already discussed in the Section 2 that in order to compare the direct detection results computed using a multicomponent dark matter model, one should rescale the spin independent scattering cross sections for both the dark matter components by an appropriate factor (see Eq. (27)) which manifests the existence of multicomponent dark matter. In view of this, the spin independent "effective scattering cross sections" between each of the dark matter candidate (S, φ) and the nucleon are plotted in Fig. 7 . Here red coloured zone represents σ ′ iN →iN SI for the candidate S (i = S) however, for the heavier dark matter candidate ψ it is indicated by the green coloured band. For the comparison with the direct detection experimental results the data [36] obtained from the LUX experiment are superimposed on the same figure (Fig. 7) . From the Fig. 7 it appears that although some portions of the present two component dark matter model are already excluded by the LUX experiment, still there exists enough allowed regions in the σ SI − M DM plane which can be tested by more sensitive ("ton-scale") direct detection experiments in near future.
1-3 GeV γ excess from Galactic Centre.
In this section our endeavour is to explain recently observed excess γ−rays at an energy range 1-3 GeV by Fermi-LAT from the Galactic Centre region within the framework of the proposed two component dark matter model. In the present two component DM scenario, lighter dark matter component namely, S having mass in the range 30 ∼ 40 GeV annihilates with its own antiparticle S † and thereby produces b,b pair in the final state with branching ratio ∼ 85%−90%.
Thereafter those b-quarks hadronise to produce γ−rays that can be detected by Fermi-LAT. The annihilation process (SS → bb) of the dark matter component S proceeds mainly through the exchange of SM like Higgs boson h and H. The Feynman diagram for this annihilation process is shown in the left panel of Fig. 2 . The differential γ−ray flux due to self annihilation of S in the GC region is given by [47] ,
is the energy spectrum of photons produced from the hadronisation processes of b quarks 8 . We have used the numerical values of the photon spectrum for different values of photon energy E γ , given in Ref. [47] . In the above ρ ⊙ = 0.3 GeV/cm 3 is the dark matter density at the solar location which is nearly r ⊙ ≃ 8.5 Kpc away from the Galactic Centre. The quantityJ for the case of dark matter annihilation in the GC can be expressed as,
and
In Eqs. (42, 44, 45) , l and b represent the galactic longitude and latitude respectively. While computing the values ofJ we perform the integral over a region which is situated within a radius of 5 o [10] around the GC. Integral over s in Eq. (43) is along the line of sight (l.o.s) distance.
The quantity σv SS † →bb ′ in Eq. (41) is the "effective annihilation cross section" which is in the product of annihilation cross section of the channel SS † → bb and square of the contribution of the component S to the total dark matter relic density (Ω T h 2 ) i.e.
is the fractional relic density of the component S. The use of σv SS † →bb ′ ("effective annihilation cross section") instead of actual annihilation cross section for the channel SS † → bb ( σv SS † →bb ) in Eq. (41) is needed since we are working in a framework with more than one component of the dark matter. Note that if the entire dark sector is composed by only one type of particle (say S) then ξ S = 1, therefore σv SS † →bb ′ and σv SS † →bb are identical. The expression of σv SS † →bb is given in Eq. (32) of Section 3. Computation of γ−ray flux using Eq. (41) requires the nature of the variation of the dark matter density in the neighbourhood regions of the Galactic Centre with the distance r. In short one needs to know the DM halo profile ρ(r) as a function of r.
In the present work we use the NFW profile [48] with γ = 1.26 [10] . The general expression of NFW profile is given by, where scale radius r s = 20 Kpc. The normalisation constant ρ s (scale density) is obtained by demanding that at the solar location (r = r ⊙ ) the dark matter density should be 0.3 GeV/cm 3 .
In Fig. 8(a-c) we show the variations of "effective annihilation cross section" σv SS † →bb ′ (defined in Eq. (46)) for the annihilation channel SS † → bb with the mass of the the dark matter component S in the range of 30 GeV -40 GeV for three different values of M ψ namely, 60, 80 and 100 GeV. Since the quantity σv SS † →bb ′ is the product of annihilation cross section of S for the channel SS † → bb and the fractional contribution of S to the total relic density (ξ S ) (see Eq. (46)), therefore in the plots (a-c) of Fig. 8 we have taken only those values of both the quantities σv SS † →bb and ξ s for which the total dark matter density lies within the range predicted by the PLANCK experiment (Eq. (23)). All the plots in Fig. 8 show that the "effective 2.0x10 -6 3.0x10 2.0x10 -6 3.0x10 2.0x10 -6 3.0x10 
Summary
In the present work, we propose a dark matter model which is an extension of the Standard Model of particles physics in all three sectors namely gauge, fermionic as well as scalar and contains two different types of dark matter candidates. Therefore, in this two component dark matter model the role of two dark matter candidates are played by a complex scalar field S and a Dirac fermion ψ respectively. Although, both of these dark sector particles (S, φ) are singlet under SM gauge group (SU ( Among these five gauge bosons only W ± has non zero electrical charge and A remains massless which is identified as the "photon" (mediator of the electromagnetic interaction). Considering S and ψ as the two candidates for the dark matter particles in the Universe, their viability is examined by computing the total relic abundance at the present epoch and the scattering cross sections off the detector nuclei. In order to find the total relic abundance which is the sum of the individual relic abundances of both the dark matter components, we have solved two coupled Boltzmann's equations for ψ and S at the present epoch. We find that for a wide range of values of the model parameters the total relic density of the two dark matter candidates falls within the range specified by the PLANCK experiment. We have compared the spin independent "effective scattering cross sections" for both the dark matter candidates off the nuclei with the latest results of LUX experiment. We find that although, some portion of this present two component dark matter model has already been excluded by the results of LUX experiment but still their exist enough region in the σ SI − M DM plane which can be tested by the "ton-scale" direct detection experiments in near future. Finally, we have computed the γ−ray flux originated from the self annihilation of the dark matter candidate S into bb final state at the Galactic Centre region. We find that our two component dark matter model also shows an excess in the γ−ray spectrum obtained from the GC region at an energy range 1 ∼ 3 GeV from the annihilation of dark matter candidate S, having mass in the range 30 ∼ 40 GeV. The resulting γ−ray flux becomes lower as the mass splitting between the two dark matter components increases. We have shown that the γ−ray spectrum resulting from the self annihilation of a 35 GeV S particles at the GC with an annihilation cross section in the range 1.59 × 10 −26 cm 3 /s ∼ 1.71 × 10 −26 cm 3 /s for the mass of heavier dark matter M ψ = 60 GeV, fits well with the available Fermi-LAT data.
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